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Introduction {#sec001}
============

Cardiovascular disease (CVD) is the leading cause of death worldwide.\[[@pone.0115166.ref001]\] In 2008, there were 17.3 million deaths from CVD, of which 7.3 million from myocardial infarction and 6.2 million from stroke, and over 80% of deaths from CVD occurred in low- and middle-income countries.\[[@pone.0115166.ref001]\] Myocardial infarction and stroke are strongly related to atherosclerotic disease.

Atherosclerosis is characterized by the gradual thickening of the intimal and medial layers in large and medium-sized arteries. The measurement of carotid intima-media thickness (IMT), which is the main marker of atherosclerosis, has been used in epidemiological studies.\[[@pone.0115166.ref002]--[@pone.0115166.ref005]\] IMT of large peripheral arteries can be measured using high-resolution two-dimensional ultrasound imaging. This method is non-invasive, relatively simple and does not involve radiation exposure. In addition, the ultrasound measurement of IMT has a good correlation with histological measures of the aorta and carotid arteries.\[[@pone.0115166.ref003]\]

With respect to the programming effect of early exposures on carotid IMT, most of the studies have failed to report an effect of low birth weight, \[[@pone.0115166.ref006]--[@pone.0115166.ref009]\] whereas there is some controversy on the association between breastfeeding and IMT\[[@pone.0115166.ref010]--[@pone.0115166.ref012]\]. Concerning, weight gain, it has been suggested that IMT is positively associated with catch-up growth. Oren et al^9^ found that IMT in early adulthood was higher among low birthweight subjects who showed exaggerated weight gain in the first 2 years. Skilton et al \[[@pone.0115166.ref013]\] reported that weight gain, height-adjusted weight gain, and change in weight-for-height z score in the first 18 months was positively associated with IMT at 8 years. Evelein et al \[[@pone.0115166.ref014]\], reported that an excess of weight gain in relation to length in the first 3 months of life was positively associated with IMT at 5 years. Whereas, Leunissen et al observed that IMT was higher among subjects who were born SGA but had normal height at adulthood.\[[@pone.0115166.ref015]\]

This study was aimed at assessing the relationship of mean IMT, with birth weight, breastfeeding duration, anthropometric measurements and growth during childhood in a cohort of young adults that have been followed since birth.

Methods {#sec002}
=======

In 1982, the three maternity hospitals in Pelotas, a southern Brazilian city, were visited daily and the births were identified. Those liveborns (n = 5,914) whose family lived in the urban area of the city were examined and their mothers interviewed. The refusal rate was less than 1%. In the perinatal study, information on maternal and child health, family socioeconomic conditions, and pregnancy complications were collected. These subjects have been followed-up for several times and further information on the study methodology has been published elsewhere.\[[@pone.0115166.ref016]--[@pone.0115166.ref018]\] The subjects were followed up during childhood in 1984 and 1986. At these follow-ups, the mothers or guardians were interviewed and the children weighed and measured.

In 2012--13, we tried to contact the cohort members, which were invited to visit the study clinic. They were asked to sign an informed consent form and then were interviewed, examined, and a blood sample was drawn. IMT was measured at the posterior wall of the right and left common carotid arteries in longitudinal planes using ultrasound imaging.\[[@pone.0115166.ref005]\] A 10-mm-long section of the common carotid artery was imaged proximal to the carotid bulb. Image data was analyzed using the Carotid Analyzer for Research (Medical Imaging Applications, MIA-LLC). It automatically calculated the mean value of 90 measurements (frames) taken in the 10-mm-long section studied.

Birth weight measurements were taken with a pediatric scale that was calibrated on a weekly basis. Gestational age was calculated from the last menstrual period and birth weight according to gestational z-score was estimated based on the mean birth weight and standard deviations for gestational age and sex of the reference population developed by Williams.\[[@pone.0115166.ref019]\] Information on duration of breastfeeding (in months) was gathered in all follow-ups during childhood. In the follow-up visits, z-scores for weight-for-age (WAZ), height-for-age (HAZ) and weight-for-height (WHZ) were calculated using sex and age specifics values of the WHO growth charts.\[[@pone.0115166.ref020]\] Concerning anthropometric evaluation in the 1984 and 1986 visits, children were weighed with portable calibrated scales and length/height was measured using portable stadiometers.

Conditional weight/height is the residual of linear regression of all previous measurements of weight/height. This analysis takes into consideration the correlation between weight or length gain in subsequent age ranges, as well as regression to the mean. \[[@pone.0115166.ref021]\] The regression equation for height at age 2 years consisted of birth weight while the regression equation for weight at age 2 included birth weight and height at age 2. Conditional height at age 4 years was estimated from birth weight and weight and height measures at age 2. Conditional weight at age 4 years was estimated from birth weight, weight at 2 and 4 years, and height at 2 years. Positive results indicated that a child grew more rapidly than expected during that period compared with their prior growth and the population growth. Conditional variables were expressed in z-scores. Conditional growth represents the deviation from the expected weight or height, compared to other individuals from the population.

Potential confounding variables included family income at birth, maternal schooling, maternal skin color, maternal age, maternal smoking during pregnancy, skin color and sex. Analysis of variance was used to compare difference between means and multiple linear regression to adjust for confounding variables. The estimates for childhood anthropometry and growth were also adjusted for birth weight according to age z-score. The estimates for conditional height and weight were also adjusted for height at 30 years, because height is positively associated with blood pressure and IMT is associated with blood pressure.\[[@pone.0115166.ref022]\]

The institutional review board at the Universidade Federal de Pelotas Medical School approved the study protocol and all participants signed a written consent prior to all interviews and assessments.

Results {#sec003}
=======

We evaluated 3,701 subjects at the 30-year follow-up, which added to the 366 known to have died, represented a follow-up rate of 68.8%. Measurements of IMT were taken for 3,380 participants and they were valid for 3,188, and for 192 subjects the MIA-LLC software was not able to analyze the images.

[Table 1](#pone.0115166.t001){ref-type="table"} shows that the 30-year follow-up rate was lower among male and those subjects whose family income at birth was higher than 6 minimum wages. Birth weight, duration of breastfeeding and maternal skin color were not associated with follow-up rate.

10.1371/journal.pone.0115166.t001

###### Distribution of characteristics, interviews and measurements of carotid intima-media thickness in the original cohort participants at the follow-up in 2012.
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  **Variable**                                                **Followed in 2012 (% original cohort)**   **IMT measurements (% participants in 2012) [\*](#t001fn001){ref-type="table-fn"}**
  ----------------------------------------------------------- ------------------------------------------ -------------------------------------------------------------------------------------
  Sex                                                                                                    
  Male                                                        2010 (66.2)                                1585 (89.2)
  Female                                                      2045 (71.1)                                1603 (83.8)
  Maternal skin color                                                                                    
  White                                                       3299 (68.0)                                2623 (86.4)
  Non-white                                                   755 (71.2)                                 564 (86.4)
  Family income at birth in minimum wages                                                                
  ≤1.0                                                        857 (66.5)                                 628 (86.7)
  1.1--3.0                                                    1984 (71.1)                                1558 (86.0)
  3.1--6.0                                                    758 (69.5)                                 623 (86.5)
  \>6.0                                                       436 (60,8)                                 366 (87.8)
  Birth weight (grams)                                                                                   
  \<2500                                                      385 (72.1)                                 223 (84.2)
  2500--2999                                                  970 (69.6)                                 735 (84.3)
  3000--3499                                                  1477 (66.5)                                1215 (87.6)
  3500--3999                                                  988 (69.7)                                 824 (88.0)
  ≥4000                                                       232 (67.3)                                 190 (86.8)
  Prematurity (\<37 weeks of gestation)                                                                  
  No                                                          3005 (68.6)                                2431 (86.6)
  Yes                                                         220 (74.8)                                 148 (88.6)
  Gestational age-adjusted birth weight z-scores (Williams)                                              
  \<--1.28                                                    482 (69.2)                                 364 (86.5)
  --1.28--0.00                                                1433 (67.5)                                1135 (85.7)
  \>0.00                                                      1306 (70.6)                                1079 (87.8)
  Duration of breastfeeding                                                                              
  \<1 month                                                   817 (69.8)                                 646 (84.9)
  1--2.9 months                                               972 (69.2)                                 799 (87.3)
  3--5.9 months                                               874 (72.1)                                 730 (88.5)
  6--8.9 months                                               355 (71.4)                                 300 (88.0)
  9--11.9 months                                              148 (70.8)                                 114 (80.3)
  12 months or more                                           610 (72.8)                                 501 (85.4)
  Total                                                       4056 (68.6)                                3188 (86.1)

The 1982 Pelotas Birth Cohort, Brazil.

\* The total represented the subjects who were interviewed in 2012--13 (n = 3701)

IMT: intima-media thickness

Birth weight was positively associated with IMT, but this association wasn't observed even after controlling for potential confounding variables. On the other hand, prematurity, birth weight according to gestational age z-score and duration of breastfeeding were not associated with IMT. There was a positive association between duration of breastfeeding and IMT up to 11.9 months; a lower IMT was observed among those breastfed for more than 12 months. But a non-significant association was observed, after controlling for confounding variables ([Table 2](#pone.0115166.t002){ref-type="table"}).

10.1371/journal.pone.0115166.t002

###### Crude and adjusted analysis of the association of birth weight and breastfeeding with carotid intima-media thickness in the cohort participants at the follow-up in 2012.
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                                                                     **Mean**   **Regression coefficient**   
  ----------------------------------------------------------- ------ ---------- ---------------------------- -------------------------
  Variable                                                           IMT        Crude                        Adjusted
                                                              N      µm         β (95% CI)                   β (95% CI)
  Birth weight (grams)                                                                                       (n = 2563)
  \<2500                                                      223    581.6      Ref (0)                      Ref (0)
  2500--2999                                                  735    581.6      --0.00 (--2.78 to 2.78)      0.66 (--2.55 to 3.87)
  3000--3499                                                  1215   582.1      0.50 (--2.15 to 3.15)        0.24 (--3.28 to 3.76)
  3500--3999                                                  824    583.1      1.51 (--1.24 to 4.25)        0.52 (--3.79 to 4.83)
  ≥4000                                                       190    585.5      3.94 (0.35 to 7.53)          1.53 (--4.43 to 7.50)
  Prematurity (\<37 weeks of gestation)                                                                      (n = 2563)
  No                                                          2431   582.4      Ref (0)                      Ref (0)
  Yes                                                         148    580.9      --1.47 (--4.40 to 1.45)      --1.62 (--4.50 to 1.25)
  Gestational age-adjusted birth weight z-scores (Williams)                                                  (n = 2563)
  \<--1.28                                                    364    581.9      Ref (0)                      Ref (0)
  --1.28 to 0.00                                              1135   581.6      --0.36 (--2.44 to 1.72)      0.16 (--1.91 to 2.23)
  \>0.00                                                      1079   583.2      1.25 (--0.85 to 3.34)        2.04 (--0.07 to 4.15)
  Duration of breastfeeding                                                                                  (n = 2484)
  \<1 month                                                   646    582.1      Ref (0)                      Ref (0)
  1--2.9 months                                               799    582.3      0.16 (--1.77 to 2.08)        --0.09 (--2.11 to 1.94)
  3--5.9 months                                               730    582.3      0.17 (--1.79 to 2.13)        --0.18 (--2.23 to 1.88)
  6--8.9 months                                               300    582.8      0.68 (--1.86 to 3.22)        1.65 (--1.01 to 4.31)
  9--11.9 months                                              114    585.8      3.69 (0.00 to 7.39)          2.97 (--0.94 to 6.87)
  12 months or more                                           501    581.5      --0.58 (--2.74 to 1.59)      --1.01 (--3.30 to 1.27)

The 1982 Pelotas Birth Cohort, Brazil.

Adjusted for confounding variables: family income at birth; maternal skin color; maternal age at child birth; maternal education; maternal smoking; sex; and skin color

[Table 3](#pone.0115166.t003){ref-type="table"} shows that WAZ at age 2, WHZ at age 4, HAZ at age 4 and WAZ at age 4 were positively associated with IMT, even after controlling for confounding variables. With respect to growth in childhood, relative conditional weight in the first 2 years of life was not associated with IMT while relative weight gain at 4 years was positively associated with IMT. Suggesting, that relative weight gain from 2 to 4 years was associated with higher IMT. On the other hand, there was no association between height gain and IMT.

10.1371/journal.pone.0115166.t003

###### Crude and adjusted analyses of the association of anthropometric measures of children and accelerated growth during infancy with carotid intima-media thickness in the cohort participants at the follow-up in 2012.
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  **Variable**                                 **Crude analysis**        **Adjusted analysis 1**
  ------------------------------------- ------ ------------------------- ------------------------------------------------------------
                                        N      β (95% CI)                β (95% CI)
  Weight-for-height z-score at age 2                                     (n = 2348)
  \<--1                                 151    Ref (0)                   Ref (0)
  --1 to 0.99                           1809   0.62 (--2.56 to 3.80)     1.12 (2.36 to 4.60)
  ≥1                                    961    3.29 (0.01 to 6.57)       2.63 (--1.00 to 6.25)
  Height-for-age z-score at age 2                                        (n = 2348)
  \<--1                                 1105   Ref (0)                   Ref (0)
  --1 to 0.99                           1590   --0.19 (--1.62 to 1.24)   0.35 (--1.24 to 1.93)
  ≥1                                    227    1.46 (--1.21 to 4.12)     2.19 (--0.72 to 5.10)
  Weight-for-age z-score at age 2                                        (n = 2348)
  \<--1                                 402    Ref (0)                   Ref (0)
  --1 to 0.99                           1937   0.30 (--1.72 to 2.32)     0.89 (--1.37 to 3.15)
  ≥1                                    582    4.08 (1.70 to 6.46)       3.62 (0.86 to 6.38)
  Weight-for-height z-score at age 4                                     (n = 2300)
  \<--1                                 138    Ref (0)                   Ref (0)
  --1 to 0.99                           1875   0.72 (--2.51 to 3.94)     1.75 (--1.68 to 5.18)
  ≥1                                    847    4.54 (1.18 to 7.89)       3.83 (0.24 to 7.42)
  Height-for-age z-score at age 4                                        (n = 2301)
  \<--1                                 1046   Ref (0)                   Ref (0)
  --1 to 0.99                           1626   0.24 (--1.20 to 1.68)     0.38 (--1.19 to 1.96)
  ≥1                                    189    4.10 (1.24 to 6. 96)      4.19 (1.14 to 7.25)
  Weight-for-age z-score at age 4                                        (n = 2302)
  \<--1                                 458    Ref (0)                   Ref (0)
  --1 to 0.99                           1961   0.76 (--1.14 to 2.66)     0.86 (--1.22 to 2.94)
  ≥1                                    443    5.03 (2.61 to 7.46)       4.28 (1.59 to 6.97)
                                                                         (n = 2175)
  Conditional height gain at age 0--2   2189   0.30 (--045 to 1.04)      [\*](#t003fn001){ref-type="table-fn"}0.86 (--0.09 to 1.80)
                                                                         (n = 2175)
  Conditional height gain at age 2--4   2189   0.63 (--0.11 to 1.37)     [\*](#t003fn001){ref-type="table-fn"}0.43 (--0.39 to 1.25)
                                                                         (n = 2175)
  Conditional weight gain at age 0--2   2189   0.69 (--0.06 to 1.44)     [\*](#t003fn001){ref-type="table-fn"}0.67 (--0.06 to 1.41)
                                                                         (n = 2175)
  Conditional weight gain at age 2--4   2189   1.51 (0.74 to 2.28)       [\*](#t003fn001){ref-type="table-fn"}1.26 (0.49 to 2.02)

The 1982 Pelotas Birth Cohort, Brazil.

Adjusted for confounding variables 1: family income at birth; maternal skin color; maternal age at child birth; maternal education; maternal smoking; birth weight according to age z-score; sex and skin color

\*Adjusted for 1 + height at 30 years

Discussion {#sec004}
==========

In this cohort that has been followed since birth, WAZ at age 2, WHZ at age 4, HAZ at age 4, WAZ at age 4 and relative weight gain at 4 years were positively associated with IMT, whereas we did not observe any association of weight gain in the first two years of life and linear growth (height or length gain) with IMT.

Information on birth weight was collected by the research team soon after delivery and examiners who had been carefully trained and standardized carried out the anthropometrical assessment in childhood. In the same token, data on breastfeeding duration was collected closed to the time of weaning. Ensuring, therefore, the quality of the data and minimizing the susceptibility to misclassification. Concerning selection bias, we followed up 68.8% of the cohort and managed to measure IMT among most of them (86.1%). Attrition rate was slightly higher among the wealthy subjects. On the other hand, in order to be the cause of the observed association, the losses should be related either to the nutrition in childhood and to IMT. Because this association is unlikely, we believe that the observed association was not due to selection bias.

A study conducted in Southern California with individuals aged 11 years also reported a positive association between birth weight and IMT, \[[@pone.0115166.ref007]\] whereas the Dutch ARYA study found that birth weight was negatively associated with IMT at 27 to 30 years of age. Our findings go in opposite direction to what has been proposed by Barker, i.e, low birth weight would be associated with a higher risk for cardiovascular diseases in adulthood. Therefore, we would expect a higher IMT among low birth weight subjects.\[[@pone.0115166.ref023]\] In the same token, we observed that WAZ and HAZ in childhood, were positively associated with IMT. Therefore, undernutrition in childhood was not associated with this variable, considered as a higher cardiovascular risk.

With respect to breastfeeding, a Dutch birth cohort (n = 306) observed among children aged 5 years that those who had been exclusively breastfed for 3 to 6 months had a carotid intima media thickness 21.1 µm (95% 5.0 to 37.2) higher than those who had never been breastfed, after controlling for confounding \[[@pone.0115166.ref010]\].. However, a population-based cohort study of Finnish young adults (n = 1,667) found no association of breastfeeding with IMT aged 24 to 39 years \[[@pone.0115166.ref011]\]. On the other hand, a British cohort study (aged 65 years) reported an inverse association between breastfeeding and IMT (difference ---0.03 mm, 95% CI --0.07 to 0.01), but after controlling for confounding variables, a non-significant association was observed \[[@pone.0115166.ref012]\]. Our results stress the importance of controlling for confounding factors to avoid residual confounding. In our cohort, the duration of breastfeeding was inversely associated with socioeconomic condition and IMT. For this reason, the unadjusted analysis showed that breastfeeding was positively related to IMT and after controlling for several socioeconomic and demographic variables, the association disappeared.

Concerning weight gain, Skilton et al observed that weight gain from 0 to 18 months of age, was positively associated with carotid extra-medial thickness aged 8-years (11 mm per kg length-adjusted weight gain 95% CI 3 to 18), indicating that the alterations to the vasculature associated with excessive early postnatal growth likely include arterial adventitial thickening \[[@pone.0115166.ref024]\]. However, our study no found association between weight gain from 0 to 2 years and IMT at age 30. In another analyses, Skilton et al reported that weight gain, height-adjusted weight gain, and change in weight-for-height z score in the first 18 months was positively associated with IMT at 8 years \[[@pone.0115166.ref013]\]

Similarly to other studies, \[[@pone.0115166.ref025]\] we found that the adverse long-term effects of accelerated growth in infancy depend on the timing that growth acceleration occurs. IMT was not associated to early weight gain but to relative weight gain from 2 to 4 years of age. On the other hand, linear growth was not related to IMT. Taking together the evidence from our study with that from others ones reporting that early weight gain has a long-term benefit on human capital \[[@pone.0115166.ref026], [@pone.0115166.ref027]\] and cardiovascular risk factors, whereas late weight gain has no effect on human capital and increase cardiovascular risk factors.\[[@pone.0115166.ref025], [@pone.0115166.ref028]\] Therefore, early growth should be stimulated, but relative weight after the first two years should be prevented. On the other hand, promotion of linear growth does not seem to increase the risk of cardiovascular disease.
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